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Excited state dynamics of the photoconvertible
fluorescent protein Kaede revealed by ultrafast
spectroscopy†
Eduard Fron,a Michel Sliwa,b Virgile Adam,c,d,e Jan Michiels,f Susana Rocha,a
Peter Dedecker,a Johan Hofkensa and Hideaki Mizuno*g
The ultrafast excited state dynamics of the fluorescent protein Kaede has been investigated by employing
time resolved fluorescence and transient absorption. Upon irradiation of its neutral state, the protein
undergoes an efficient conversion to a state that fluoresces at longer wavelengths. The molecular basis of
the photoconversion involves an expansion of the chromophore π-conjugation by formal β-elimination
but details of the reaction pathway remain subject to debate. Based on the kinetics observed in exper-
iments on the protein sample in both H2O and D2O buffers, we suggest that a light-initiated cleavage
mechanism (20 ps) could take place, forming the neutral red state in which the red chromophore resides.
Excitation of the neutral red form results in the formation of the red anionic species via two Förster reson-
ance energy transfer (FRET) channels. FRET between red neutral and red anionic forms occurs within the
tetramer with time constants of 13.4 ps and 210 ps. In contrast to literature proposals no ESPT was
observed.
Introduction
Genetically encoded fluorescent proteins (FPs) have become an
indispensable tool in the field of life science as a non-invasive
method to fluorescently label a target protein in a living
cell.1–3 A new generation of FPs comprises photochromic pro-
teins,4,5 photoconvertible proteins6 and proteins that combine
both properties.7–9 The appearance of these fluorescent pro-
teins has expanded their usage from merely labeling to, for
example, tracking and highlighting of proteins in live cells and
in intact animals.1,10–12 It has also been proven that such
proteins serve as a medium for optical data storage.13,14 Most
importantly, this class of FPs allows overcoming the diffraction
limit in fluorescence microscopy by allowing localization of
single emitters and image reconstruction (PALM)15–17 or in
RESOLFT type super-resolution microscopy.18
An early on identified photoconvertible FP which converts
the fluorescent colour from green to red upon UV illumination
was isolated from a stony coral Trachyphyllia geoffroyi and
named Kaede.1 Kaede is an obligate tetramer and hence per-
sists in this state even at low concentrations. The molecular
comprehension of photoconversion in Kaede has been pro-
posed on the basis of the chromophore structure before and
after the photoconversion as determined by mass spectrometry
in conjunction with NMR.19 A UV-induced formal β-elimin-
ation reaction extends the π-conjugation of the green chromo-
phore, 4-(p-hydroxybenzylidene)-5-imidazolinone, to the
imidazole ring of His62. Subsequent crystal structure analyses
of Kaede and other photoconvertible fluorescent proteins
support the suggested molecular basis.20–22 However, all of
these proposals are based on the comparison in structure
between the green and red states, and the detailed photo-
conversion pathways and intermediate states remain unknown.
Recently, Li et al. attempted to explore the possible pathways
of the photoconversion by employing ONIOM(B3LYP:AMBER)
theoretical calculations of the protein environment; they tend
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to reject a concerted E2 pathway and in turn suggest stepwise
E1 and E1cb mechanisms.23 The excited state proton transfer
from the chromophore hydroxybenzylidene moiety has been
proposed to initialize the photoconversion. In contrast, Leli-
mousin et al. employed hybrid quantum chemical/molecular
mechanical (QC/MM) potentials and proposed a photoconver-
sion mechanism for EosFP in which an excited state proton
transfer from His62 to Phe61 promotes a peptide bond clea-
vage, whereas the hydroxybenzylidene moiety remains proto-
nated.24 These powerful theoretical simulations provided
insight into the photoconversion reaction, which is suggested
to be difficult to explore experimentally due to the low
quantum yield and the irreversible nature of the reaction.
However, the detailed mechanism is still controversial and an
experimental method is a desired alternative to evaluate the
mechanisms proposed by theoretical simulations.
In this study we report a systematic investigation on the
photophysics and excited state dynamics of Kaede in solution
upon excitation of both neutral and anionic species. Knowing
that the individual monomers are separated by short distances
in the Kaede tetramer, many of the intramolecular processes
involved in photoconversion are expected to occur on a fast
time scale and can only be probed by ultrafast spectroscopy.
With the aim of unravelling the photoconversion mechanism,
we explored the time-dependent properties of Kaede in both
the excited and ground states through a series of femtosecond
fluorescence up-conversion, transient absorption and time
correlated single photon counting (SPT) experiments selectively
exciting the green and red forms. Although photoconversion
occurs along the entire series of femtosecond experiments
(a few days), on the time scale of a single measurement (a few
hours), its effect on the amplitude decay can be neglected.
Results and discussion
Fig. 1A and B shows the stationary absorption and emission
spectra of green and red Kaede at pH 7.4 and 4.5, respectively.
The absorption spectrum of green Kaede pH 7.4 consists of
two bands centred at 380 and 508 nm (ε508 nm = 98 800 M
−1
cm−1, pKa = 5.6) attributed to the neutral and anionic forms of
the chromophore, respectively.25 Excitation at 488 nm pro-
duces a bright green fluorescence with a peak at 518 nm (Φ =
0.80). Red Kaede features an absorption spectrum with one
peak at 570 nm (ε572 nm = 60 400 M
−1 cm−1, pKa = 5.7) and a
shoulder at 533 nm attributed to the anionic state of the
chromophore. The fluorescence emission spectrum consists of
a broad band that peaks at 582 nm and is accompanied by a
well-defined vibronic shoulder at 628 nm (Φ = 0.33).
In acidic buffer (Fig. 1B), green Kaede displays an absorp-
tion band centred at 380 nm and an emission at 460 nm attrib-
uted to the neutral form of the chromophore. At the same pH,
red Kaede features an absorption band centred at 445 nm and
a broad emission that peaks at 508 nm again attributed to the
neutral state of the chromophore.5,25 The additional emission
bands are due to residual anionic forms.
Green Kaede
To investigate the irreversible and highly sensitive photoconver-
sion mechanism that occurs upon exposing the protein to UV
light, femtosecond up-conversion experiments have been con-
ducted. The anionic and neutral species of the chromophore
have been excited using 495 and 395 nm laser light, respectively.
495 nm excitation. Upon excitation of the green form with
495 nm light, the fluorescence decay traces were best fitted by
a multi-exponential model with three time constants of 1.5,
13.2 and 3400 ps. Fig. 2A displays the amplitudes versus wave-
length and Fig. S1† the decay traces and corresponding fits.
Based on their amplitude-to-wavelength dependence and lit-
erature data,6 we suggest that the 3400 ps component can be
attributed to the excited state fluorescence decay of the
chromophore in the green anionic configuration. The fast
components showing minor amplitudes (4% at most) can be
related to relaxation processes specific for the intramolecular
vibrational redistribution and/or vibrational relaxation.26,27
Similar kinetics was observed in transient absorption experi-
ments (Fig. S2†). In the transient absorption measurements,
the negative amplitude of the 3400 ps component found in the
510–550 nm region indicates a combination of two signals:
ground state recovery and induced stimulated emission. On a
ns time scale, the fluorescence obtained by the SPT technique
was found to decay mono-exponentially over the entire emis-
sion region with a time constant of 3400 ps. Note that the time
Fig. 1 (A) Steady-state absorption and emission spectra (λexcit =
488 nm) of green (green line) and red (red line) Kaede at pH 7.4.
(B) Steady-state absorption and emission spectra (λexcit = 395 nm) of
green (green line) and red (red line) Kaede at pH 4.5.
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resolution of the setup is limited to about 30 ps, see Fig. S5.†
No photoconversion was observed to occur during femto-
second or SPT experiments upon 495 or 488 nm excitation,
respectively.
395 nm excitation. In contrast to the 495 nm experiments
where the anionic green form is excited, upon 395 nm exci-
tation of the neutral green a more complex kinetics is revealed.
The fluorescence was found in this case to decay with five time
constants of 1.37, 2.87, 13.4, 20 and 3600 ps. The emission
was detected in a spectral domain ranging from 450 to
610 nm. Fig. 2B displays the amplitude-to-wavelength depen-
dence of these time components and Fig. S3† shows the decay
traces and corresponding fits. The variation with the detection
wavelength of the 3600 ps amplitude indicates that this relates
to a combination of decay components of the green (210 and
3400 ps) and red (4200 ps) forms that are not distinguished in
the time window of this experiment (50 ps) (see Fig. 6B).
However, these components were retrieved from and identified
in SPT experiments (Fig. 6B) and can be attributed to direct
excitation of the green and red anionic species. The attribution
of the 210 ps component will be discussed later. As expected,
some photoconversion occurred during these experiments and
this was quantitatively observed by recording the emission
spectrum of the sample (Fig. S4A†). The fastest component of
1.37 ps with contributions in both green and red spectral
regions can be attributed to relaxation processes occurring on
similar time scales in the excited states of the two anionic
species. The 2.87 ps component features amplitudes that
extend in the blue part of the detection region and we suggest
that this can be related to the excited state non-radiative decay
of a different green neutral form like the one found in Dronpa
or Dendra2.19,27 In Dronpa, a pH-induced protonated form
(A1) with similar spectroscopic characteristics shows no photo-
switching ability.28 An interesting wavelength dependency can
be observed for the amplitude of the 13.4 ps component as
this changes its sign from positive (decay) in the emission
region of the green form to negative (rise) in the emission
region of the red form (see Fig. S3† for the decay traces and
corresponding fits).
Such amplitude-to-wavelength dependence is characteristic
of an energy transfer process (FRET) and the process was
suggested in the literature to occur from the neutral to the
anionic form of red Kaede.26,27 This finding is further sup-
ported by a series of transient absorption experiments in
which the signal detected at 550–590 nm indicates a further
increase in depopulation of the red anionic ground state with
a time constant of 13.2 ps (see Fig. 3). The negative
Fig. 2 (A) Amplitude-to-wavelength dependence of the decay times of
green Kaede (pH 7.4) obtained by the femtosecond fluorescence up-
conversion technique in a 50 ps time window (λexcit = 495 nm).
(B) Amplitude-to-wavelength dependence of the decay times of partially
photoconverted Kaede obtained by the femtosecond fluorescence up-
conversion technique in a 50 ps time window (λexcit = 395 nm). Inset:
sample of the green and red forms of Kaede. The amplitudes are
weighted to the sum of the absolute values.
Fig. 3 (A) Decay traces and the corresponding fits of partially photo-
converted Kaede (pH 7.4) obtained by the femtosecond transient
absorption technique in a 50 ps time window (λexcit = 395 nm, λdet =
550–590 nm). (B) Amplitude-to-wavelength dependence of the decay
times.
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contribution of the 4400 ps component is in fact a superposi-
tion of two signals, one attributed to ground state recovery and
another to stimulated fluorescence emission of the red anionic
chromophore. The strict and abrupt negative signal observed
upon excitation in these experiments can be understood as a
result of a direct excitation of this species. At the 395 nm exci-
tation used here, this can occur by promoting the chromo-
phore to a higher excited state, for instance S0–S2 type
transition. Literature reports indeed indicate the presence of
an additional absorption band centred at about 350 nm and it
was attributed to S0–S2 transition of the red anionic form of
the chromophore.26
The above-described energy transfer can occur in this tetra-
meric protein between the neutral and anionic red form of the
chromophore. Based on the amplitude-to-wavelength spectrum
of the 13.2 ps component two possible FRET channels can be
put forward: energy transfer from neutral red to anionic red or
from anionic green to anionic red. One can observe an
extended overlap between the emission spectrum of the red
neutral6 and the absorption spectrum of the red anionic
species (Fig. 1). However, it is possible that a component of
this signal can be related to an energy transfer from the green
anionic to the red anionic species since these chromophoric
states show a similar spectral overlap. The FRET process will
be further discussed in the section “Red Kaede”.
Furthermore, the spectral distribution of the amplitudes of
the 20 ps component shows an intriguing trend: positive
values in the decay region of the neutral green species and sig-
nificant negative contributions at around 510 nm. It needs to
be mentioned that the 13.4 and 20 ps components might have
exchanged certain contributions in the 510 nm region upon
the global fit analysis. Fig. 1B and earlier reported studies indi-
cate that the red neutral form decays fluorescently at pH 4 with
a maximum at this wavelength of 508 nm.26 The concerted
decay in fluorescence of the neutral green (480 nm) and rise in
fluorescence of the neutral red species (510 nm) suggest the
occurrence of a light induced conversion process. Such a
process has been previously envisioned by Miyawaki and co-
workers19,21,26 and proposed to be a release of a proton to
form an excited intermediate (I) followed by a cleavage that
occurs at the Nα–Cα bond of His62 to eliminate a carboxamide
group (Fig. 7A). To experimentally verify whether an excited
state proton transfer is involved in the photoconversion
process, we carried out further fluorescence up-conversion
experiments in deuterated buffer. It is well established that the
ESPT rate slows down about 5 times upon exchange of buffer
from H2O to D2O.
23 We proceeded with a series of control
experiments by measuring the excited state dynamics of the
wild-type GFP protein where ESPT was well established to take
place.29 The fluorescence up-conversion emission decays of
wild-type GFP (395 nm excitation) have been recorded at 450
(neutral state emission) and 510 nm (anionic state emission)
in both H2O and D2O buffer environments (see Fig. 4).
A clear slowdown of the kinetic isotope effect from 4.5 to
18.6 ps was observed when the protein environment was
changed from H2O to D2O buffer, respectively (see Fig. 4).
Such a feature is known to arise from ESPT and is consistent
with literature data.29
Surprisingly, upon 395 nm excitation of Kaede the fluo-
rescence of the neutral state recorded at 470 and 490 nm
(Fig. 5) in D2O buffer decays similarly to the sample in H2O
buffer, with two components of 2.8 and 19 ps suggesting no
evident dependency of the photoconversion rate on buffer
exchange on this time scale. Based on this evidence it is
difficult to relate the nature of the 20 ps component (attribu-
ted to the Kaede photoconversion) to an ESPT process. A bond
Fig. 4 Decay traces and the corresponding fits obtained for wild-type
GFP, pH 7.4 in H2O (top) and D2O (bottom) buffer by femtosecond
fluorescence up-conversion technique in 50 ps time window, λexcit =
395 nm, λdet = 450 nm (left) and 510 nm (right).
Fig. 5 (A, B) Decay traces and the corresponding fits of green Kaede
(pH 7.4) in D2O buffer obtained by femtosecond up-conversion
technique in 200 ps time window, λexcit = 395 nm, λdet = 470 nm and
490 nm; for λdet = 530 nm see ESI.† (C) Time resolved up-conversion
fluorescence spectra of green Kaede in D2O buffer. The figure shows
the presence of the emission band at 440–490 nm attributed to the
fluorescence decay of the neutral green states, similar to the emission
observed in H2O buffer.
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cleavage using a fraction of the UV photon energy via photo-
induced electron transfer can be a potential mechanism.
The 20 ps component can be tentatively attributed to a
FRET process occurring either from green neutral to red
neutral or from green neutral to green anionic. On the one
hand, attribution of the 20 ps component to a FRET process
between green neutral and red neutral would not explain why
this process occurs in the unconverted sample. Such a poten-
tial process will also dominate the kinetics leading to reduced
photoconversion. On the other hand, if one considers the
spectral overlap between the emission of green neutral and
absorption of green anionic species (species that are in equili-
brium at this pH) a FRET process occurring with a 20 ps time
constant cannot be excluded. This process will lead to an
excited state of the green anionic which then, as observed,
decays fluorescently to the ground state. However, as the solu-
tion undergoes photoconversion, the donor within the tetra-
meric structure will face fewer and fewer acceptor entities and
the FRET intensity would vanish over time. Such diminishing
was not observed.
In a theoretical approach, Lelimousin et al.24 suggested that
in EosFP, after proton transfer from His62, the photoconver-
sion mechanism involves formation of a triplet state where a
cleavage of the amide bond between Phe61 and His62
becomes possible. Considering the photoconversion rate
observed here (50 × 109 s−1) it seems unlikely that an excited
state with a different spin multiplicity could evolve. In an
attempt to examine the involvement of intersystem crossing to
a triplet state in Kaede, we carried out a series of experiments
in which Xe gas was bubbled through the protein solution as
this compound is known to enhance intersystem crossing.24
The values of the kinetic components showed only faint altera-
tions under such conditions and hence we conclude that inter-
system-crossing may not be the main pathway involved. We
also performed luminescence decay experiments on two time
scales (240 ns and 1.2 μs, data not shown) with a custom-built
ns setup. No triplet emission was observed upon 400 nm, 10
ns excitation pulses for green Kaede in the 450–800 nm detec-
tion range. However, we cannot exclude that the photoconver-
sion process involves an intermediate state that escapes
observation in the above mentioned experiments.
Red Kaede
To clearly discern between the FRET and photoconversion pro-
cesses we also performed investigations on the sample in the
red photoconverted state. Upon 488 nm excitation, the analysis
of the corresponding fluorescence decay traces obtained by
SPT revealed four components of <30, 210, 3400 and 4200 ps
(Fig. 6). The 4200 and 3400 ps components can straightfor-
wardly be attributed to the radiative decays of the red anionic
(major) and green anionic (residue) species, respectively. A
peculiar amplitude to wavelength dependence can be observed
only in these experiments for the <30 ps component with sig-
nificant positive contributions in the 500–550 nm region and
negative at 610 nm indicating the fluorescence decay of red
neutral and rise of red anionic. This finding underpins the
observations that FRET takes place from the neutral to the
anionic red forms. The 210 ps component shows a similar
trend and can be related to a second FRET channel taking place
between two chromophores with longer interchromophore-dis-
tance (since Kaede is a tetrameric fluorescent protein). Potential
attribution of this component to a process involving deprotona-
tion of the red neutral (ESPT) can be excluded. By a similar
approach we performed SPT experiments in D2O buffer for the
sample in the normal green state.30 A 199 ps component has
been recovered indicating little or no change (considering the
experimental error of 5%) in the excited state kinetics upon a
change in environment from H2O to D2O buffer.
Proposed photoconversion mechanism
The photoconversion mechanism in Kaede was suggested in
the literature to be controlled by several processes: excited
state proton transfer, changes in conformation, nonplanarity
or structure of the chromophore.26,31 In Fig. 7 we schematically
suggest the dynamics that, we believe, operates in Kaede upon
395 nm excitation. The presented experiments also demon-
strate that the irreversible photoconversion mechanism from
green to red occurs only upon irradiation of the green neutral
state of the chromophore. Under the assumption that an equi-
libration mechanism between the neutral and anionic species
in both green and red forms is present, excitation of the green
neutral form can result, in the formation of the excited state of
Fig. 6 (A) Normalized emission spectra of red Kaede (pH 7.4) recorded
with λexcit = 488 nm. (B) Amplitude-to-wavelength dependence of the
decay times of red Kaede obtained by the SPT technique (λexcit =
495 nm).
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neutral red with a time constant of 20 ps. In contrast to litera-
ture reports we do not find experimental evidence to claim
that this process occurs via an unstable intermediate species
(I) with anionic character32–34 nor the involvement of a state
with a different spin multiplicity.19,32 This neutral red state
can transfer its energy to the anionic red via two FRET chan-
nels (13.4 and 210 ps) which then decays fluorescently to the
ground state. Tentative attribution of the 210 ps component to
an alternative process, namely proton transfer, to produce the
red anionic excited state is less feasible.
The ground state population of the neutral red equilibrates
forming the ground state of the anionic red species. At the
kinetic level, the chain of processes occurs unidirectionally,
concluding an irreversible mechanism, and the overall effect is
to create the ground state of the red anionic, a species with
high quantum yield and a new colour due to an extended
π-electron system. As a sequential process, direct or indirect
excitation of the green anionic form results in an energy trans-
fer to the red anionic species as soon as a fraction of the latter
has been formed via photoconversion. The red neutral species
appears to play merely an intermediate role in the formation
of the red anionic excited state and has the green neutral S1 as
the source state.
Experimental
Production and purification of Kaede
Recombinant Kaede was produced in Escherichia coli JM109
(DE3) transformed with Kaede/pRSET and purified as
described previously.24 The buffer was exchanged to a
measurement buffer (50 mM HEPES, 150 mM NaCl, pH 7.4)
with a PD-10 desalting column (GE Healthcare).
Stationary measurements
The stationary measurements were recorded using a spectro-
photometer (Lambda 40, Perkin Elmer) and a fluorimeter
(Fluorolog FL3-11, Perkin Elmer) corrected for the wavelength
dependence of the detection system.6 The optical density at
the absorption maximum of all samples was kept below 0.1 in
a 1 cm cuvette at the excitation wavelength.
Picosecond fluorescence time-resolved experiments
The fluorescence decay times have been determined by single-
photon-timing (SPT) measurements described in detail pre-
viously.35 A time-correlated Single Photon Timing PC module
(SPC 630, Picoquant) was used to obtain the fluorescence
decay histogram in 4096 channels. The decays were recorded
with 10 000 counts in the peak channel in a time window of 15
ns corresponding to 3.7 ps per channel and analyzed globally
with a time resolved fluorescence analysis (TRFA) software.
The full-width at half-maximum (FWHM) of the IRF was typi-
cally of the order of 40 ps. The quality of the fits has been
judged by the fit parameters χ2 (<1.2), Zχ2 (<3) and the Durbin–
Watson parameter (1.8 < DW < 2.2) as well as by the visual
inspection of the residuals and autocorrelation function. All
measurements have been performed in a 1 cm optical path
length cuvette at an optical density of ca. 0.1 at the excitation
wavelength.
Femtosecond time resolved experiments
Fluorescence upconversion experiments were performed in
order to investigate the ultrafast phenomena occurring upon
excitation. An amplified femtosecond double OPA laser system
which has been described previously was used.36 The power of
the excitation beam was set to 150 µW and the beam diameter
at the sample position was 100 µm. For the up-conversion
setup, the fluorescence light emitted from the sample was
efficiently collected using a Casagranian objective. The fluo-
rescence was then filtered using a long pass filter for suppres-
sing the scatter light, directed and overlapped with a gate
pulse (800 nm, ca. 10 µJ) derived from the regenerative ampli-
fier onto an LBO crystal. By tuning the incident angle of these
two beams relative to the crystal plane the sum frequency from
the fluorescence light and the gate pulse was generated. The
time resolved traces are then recorded by detecting this sum
frequency light while changing the relative delay of the gate
pulse versus the sample excitation time. Fluorescence gating
was done under magic angle conditions in a time window of
50 ps. As a detector, a photomultiplier tube (R1527p, Hama-
matsu) placed at the exit of a 30 cm monochromator was used
(heterodyne mode). An additional bandpass filter was placed
in front of the monochromator to allow only the sum fre-
quency light to enter. The electrical signal from the multiplier
tube was gated by a boxcar averager (SR 520, Stanford Research
Systems) and detected by a lock-in amplifier (SR830, Stanford
Research Systems). The prompt response of this arrangement
(including laser sources) was determined by detection of scat-
tered light under otherwise identical conditions and found to
Fig. 7 The proposed mechanism (A)19 and kinetic scheme (B) for the
excited state processes occurring in Kaede.
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be approximately 250 fs (FWHM). This value was used in the
analysis of all measurements for deconvolution of the data
sets. The sample was prepared in a concentration that yielded
an absorbance of ca. 0.4 per mm at the excitation wavelength.
The sample was contained in a quartz cuvette with an optical
path length of 1 mm. During the measurements of the green
form, the sample was kept continuously flowing to avoid the
accumulation of photoconverted proteins. To improve the
signal to noise ratio, every measurement was averaged 15
times at 256 delay positions where a delay position is referred
to as the time interval between the arrival of the pump and the
gate pulses at the sample position. After each experiment the
integrity of the samples was checked by recording the steady
state absorption and emission spectra and comparing them
with those obtained before the experiments. No signs of
photodegradation were observed.
Femtosecond transient absorption measurements
The experiments were performed with the same amplified femto-
second double OPA (optical parametric amplifier) laser
system, providing an intense pulse used for excitation
(395 nm) and a weak pulse used for probing the changes in
absorption in a wavelength range between 470 nm and
770 nm. The probe light was generated by focusing an 800 nm
beam in a 3 mm sapphire plate to obtain a white light conti-
nuum in the visible region. The monochromatic detection
(heterodyne mode) was performed using a PMT (R1527p,
Hamamatsu) placed at the second exit of the spectrograph
mounted behind a slit. The pulse duration was 250 fs (FWHM)
at the sample position as determined by cross correlation.
The measurements were performed under the magic angle
conditions (54.7° relative orientation between the pump
and probe light polarization planes). During the measure-
ments, the sample was kept continuously flowing to avoid
photoconversion as well as irreversible photodegradation.
PMT detection – heterodyne mode
Optical heterodyne detection is a highly sensitive technique to
measure weak changes in absorption induced by a frequency
modulated pump beam. The electrical signal from the photo-
multiplier tube was gated by a boxcar averager (SR 520, Stan-
ford Research Systems) and detected by a lock-in amplifier
(SR830, Stanford Research Systems). We only detect the ampli-
tude of the signal (ignoring the phase) which is always posi-
tive. Kinetic traces were analyzed by using Origin’s nonlinear
least squares fitter. A test (multi)exponential function convo-
luted with a Gaussian of 250 fs (representative of the instru-
ment response function) is optimized to fit the experimental
data sets. The quality of the fits was judged by the reduced χ2
values (within a given data set) as well as by visual inspection
of the residuals. The long components obtained in SPT exper-
iments have been kept fixed during the fit analysis of the fem-
tosecond data. The error in determining the time constants
are about 5% and depends strongly on the signal-to-noise
ratio.
Conclusions
Based on the concerted or stepwise manner of the observed
processes corroborated with literature data, we suggest that a
photoconversion process of 20 ps was indicated and a feasible
excited state dynamics described. The clear occurrence of a
commonly agreed cleavage process that occurs at the Nα–Cα
bond of His62 as well as the spectral characterization of the
species involved provide a simple kinetic model that can be
used for related proteins. Further investigations with more
advanced techniques like multi-pulse excitation together with
experiments on Kaede and other fluorescent proteins with
similar spectroscopic characteristics are ongoing and are
expected to afford us a deeper insight into the conversion
mechanism. The processes revealed by this study could help
the scientists to improve the design of new optical highlighters
through mutagenesis.
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